Chytridiomycosis, caused by the amphibian chytrid fungus Batrachochytrium dendrobatidis, is an emerging infectious disease that is thought to have contributed to many of the recent alarming declines in amphibian populations (Berger et al. 1998 , Daszak et al. 1999 , Green et al. 2002 . Mortalities associated with these declines have often occurred during cooler seasons and at high elevations (Berger et al. 1998 , Bradley et al. 2002 . This pattern, and the preference of B. dendrobatidis for cool conditions for growth in culture (Bradley et al. 2002) , indicate that environmental temperature may be an important factor in disease emergence.
Environmental temperature may also be an important cofactor in disease treatment because of its influences on the immune function of ectotherms and the virulence of pathogens (Carey et al. 1999) . For example, winter saprolegniosis in channel catfish was caused by low temperatures favoring pathogen growth and concurrent immunosuppression in catfish (Bly et al. 1993) . Alternatively, many ectotherms exhibit behavioral fever in response to infection, leading to an enhanced host immune response, or perhaps reduced pathogenic activity (Kluger 1991) . For some diseases, heat (or elevated body temperature) has the potential to be applied as a simple treatment or prophylaxis. Steck (1963) used elevated temperature in an experimental treatment of amoebic dysentery in reptiles. This may offer advantages over other forms of treatment; at least 2 clinical studies have had some success in treating chytridiomycosis with drugs (Nichols & Lamirande 2001 1 , Parker et al. 2002) , but the efficacy and risk of toxicity of drug-based treatments can be affected unpredictably by species identity and environmental interactions (Wright & Whitaker 2001) .
In culture, Batrachochytrium dendrobatidis can survive and grow at temperatures between 6 and 28°C (Bradley et al. 2002) ; the pathogen dies within 96 h at 32°C, and within 4 h at 37°C (Berger 2001) . The aim of our study was to investigate the thermal survival sensitivity of this pathogen in vivo and to evaluate the potential for manipulation of environmental temperature as an aid in treating chytridiomycosis in captive amphibians.
Materials and methods. We examined the patterns of survival over 94 d of infected and uninfected juve-ABSTRACT: The emerging infectious disease chytridiomycosis is thought to have contributed to many of the recent alarming declines in amphibian populations. Mortalities associated with these declines have often occurred during cooler seasons and at high elevations, suggesting that environmental temperature may be an important factor in disease emergence. We found that thermal environment affects the progress of the disease, and that housing frogs Litoria chloris at an environmental temperature of 37°C for less than 16 h can clear them of the chytrid pathogen Batrachochytrium dendrobatidis. Our experiment demonstrated that elevated body temperatures similar to those experienced in behavioral fever and during normal thermoregulation can clear frogs of chytrid infection; therefore, variation in thermoregulatory opportunities and behaviors are likely to contribute to the differences in disease incidence observed among host species, populations, and regions. Although further refinement of the technique is needed to encompass various host species, appropriately applied thermal manipulations of amphibians and their enclosures may prove to be a safe and effective way of eliminating the fungal pathogen from captive amphibian populations and preventing accidental spread of the pathogen when animals are translocated or released from captivity. nile frogs Litoria chloris (10 per treatment combination) in 4 thermal environments: (1) naturally fluctuating temperatures (range 13.5 to 23.2°C); (2) constant 20°C; (3) 8°C thermal variation; and (4) 37°C thermal variation (Fig. 1) . Frogs in thermal variation treatments were maintained in the naturally fluctuating regime except for two 8 h periods (plus 1.5 h each for gradual warming or cooling) during which the frogs and their enclosures were placed in an environmental chamber at 37°C (Days 12 and 13 post-infection) or 8°C (Nights 12 and 13 post-infection). Infected frogs were given a standardized dose of 150 µl of culture medium containing 15 000 Batrachochytrium dendrobatidis zoospores and exposed for 15 h on Day 0 of the experiment, while uninfected frogs were sham-infected with sterile medium (Berger 2001) . We determined infection status by histological examination of post-mortem skin samples (Berger et al. 2000) .
Results. Of the uninfected frogs, all but 1 survived throughout the experiment. The survival patterns of infected frogs differed among temperature treatments (log rank test on censored survival data, p < 0.0001, Fig. 1 ). Frogs in the constant 20°C treatment survived for the shortest period, while those in the fluctuating and 8°C variation treatments survived longer. All frogs in these treatments were heavily infected with the pathogen, and only 1 individual survived to the termination of the experiment. All frogs in the 37°C variation treatment survived to the end of the experiment and for at least 5 mo after infection. Frogs that survived beyond termination of the experiment were humanely sacrificed using MS-222 anesthetic on Day 276 (9 mo after infection) to ensure containment of the disease. Histological examination of these frogs revealed no evidence of Batrachochytrium dendrobatidis; therefore, they were cured. All experimentation was carried out in accordance with Animal Ethics approval A699_01 from James Cook University, Australia.
Discussion. Our experiment demonstrated that the thermal regime affects the progress of chytridiomycosis in living frogs; low and fluctuating temperatures can retard the development of disease, and short periods of high body temperature can eliminate the pathogen from its hosts. Our data show that housing frogs at an environmental temperature of 37°C for less than 16 h can clear them of the pathogen and prevent the development of chytridiomycosis. It is possible that longer exposure to less elevated body temperatures would have similar effects; this should be tested with adult or larval hosts from temperate regions. Appropriately applied heat treatments may prove to be a safe and effective way of eliminating the fungal pathogen from captive amphibian populations and preventing accidental spread of the pathogen when animals are translocated or released from captivity.
It appears likely that high environmental temperatures, such as occur in tropical lowlands or in the summer months, may decrease the incidence of chytridiomycosis in amphibian populations, and may eliminate it entirely from some regions. This could partly explain the observed pattern of amphibian declines associated with chytridiomycosis that have tended to occur during cooler seasons and at high elevations (Berger et al. 1998 , Bradley et al. 2002 . Our experiment demonstrated that elevated body temperatures similar to those experienced in behavioral fever (Kluger 1991) and during normal thermoregulation (Hutchison & Dupré 1992) can clear frogs of chytrid infection; therefore, variation in thermoregulatory opportunities and behaviors are likely to contribute to the differences in susceptibility observed among host species and populations (Berger et al. 1998 , Alford & Richards 1999 . sham-infected with sterile medium (Berger 2001) 
